Background: The purpose of the study was to evaluate the benefit of adjuvant chemotherapy (AC) versus surgery alone in patients with muscle-invasive bladder cancer (MIBC).
these patients [6, 7] . In respect to neoadjuvant chemotherapy, adjuvant chemotherapy (AC) has several putative advantages, namely, it is administered to patients properly selected on the basis of factors predicting for relapse and it does not imply any delay of definitive treatment.
Several randomized trials have been done to investigate the use of AC in MIBC [8] [9] [10] [11] [12] [13] [14] . Almost all these studies provide insufficient evidence to support the routine use of AC, due to small sample sizes, early stopping of patient entry, confusing analyses and terminology and the reporting of questionable conclusions [15, 16] . Two meta-analyses [17, 18] provided statistically significant evidence in favor of AC relative to OS and disease-free survival. However, both meta-analyses' results should be carefully evaluated before considering AC as a current standard for these patients because of both the small number of trials and the patients included and should be rather regarded as a first step toward generating new hypotheses to be tested in larger randomized trials [19, 20] .
In advanced bladder cancer, the combination of cisplatin (C; day 2) and gemcitabine (G; days 1, 8, 15) has been demonstrated to be as effective as M-VAC (combination chemotherapy with methotrexate, vinblastine, doxorubicin and cisplatin) but with less myelotoxicity [21] . On the other hand, the schedule of cisplatin (day 15) plus gemcitabine, which has proven to further reduce the bone marrow toxicity in nonsmall-cell lung cancer patients [22, 23] , has not been tested in adjuvant bladder cancer.
This phase III, Italian, multicenter randomized clinical trial aimed to demonstrate the efficacy of chemotherapy administered immediately after radical cystectomy versus the same chemotherapy administered at the time of disease recurrence.
patients and methods patients
Patients with histologically proven transitional cell carcinoma of the bladder pT2 G3 (N0-2), pT3-4 (N0-2) any G or pN1-2, any Tumor (T), any G were considered eligible. A radical cystectomy with no residual disease and a minimum of 10 lymph nodes dissection was required. Randomization was required within 10 weeks after surgery. Neither prior neoadjuvant chemotherapy nor radiotherapy was allowed, while no restrictions were applied to prior endoluminal therapy. Eligible patients were also required to have an Eastern Cooperative Oncology Group performance status (PS) of two or less, age £ 75 years, adequate bone marrow reserve and a good renal (creatinine level £ 1.25 lmol/l, measured creatinine clearance ‡ 60 ml/min) and liver function. The trial was conducted according to the guidelines of the Helsinki Declaration and approved by all institutional ethics committees. All patients were required to sign a written informed consent before randomization.
study design and allocated treatments
After cystectomy, patients were randomly assigned (1 : 1) to observation and treatment on relapse (arm A) or AC (arm B). Before randomization, two stratification factors were considered: nodal involvement (N0 versus N1-2) and investigator center. Treatment allocation was established by the two coordinating centers using computer-generated random lists.
Patients in the AC arm were further randomly assigned (1 : 1) to receive two different schedules of the same regimen (arm B2 and arm B15). Patients on the B2 arm received gemcitabine 1000 mg/m 2 i.v. over 30 min, days 1, 8 and 15 plus cisplatin 70 mg/m 2 i.v. on day 2; patients on the B15 arm received the same gemcitabine schedule as for B2 arm, but cisplatin at the same dose was administered on day 15. On both arms, cycles were repeated every 28 days for a total of four cycles. Patients randomly assigned to observation arm were scheduled to be treated at first evidence of recurrence with one of the two cisplatin-gemcitabine regimens, at investigator's discretion. Hematologic and non-hematologic toxicities were graded according to the World Health Organization (WHO) grading system [24] .
Both drugs were omitted for grade 4 toxicity, whereas a 50% dose reduction was planned for grade 3 hematological and non-hematological sideeffects. The dose of cisplatin was splitted in 2 days if measured creatinine clearance was 50-59 ml/min and omitted for creatinine clearance <49 ml/min.
trial end points and evaluations
The primary end point of the study was the comparison of the OS, defined as the time from randomization to death for any cause, between control and AC arm. Secondary aims were disease-free survival, defined as the time from randomization to the earliest occurrence of recurrence or death from any cause, toxicity of the two GC schedules, and quality of life (QoL).
All patients were clinically staged before randomization by computed tomography (CT) and bone scan. All patients had clinical and laboratory evaluation at baseline and during treatment. In the control arm and at the end of chemotherapy in the AC arms, patients were examined at 3-month intervals for the first 2 years, then every 6 months for further 3 years and then yearly thereafter. CT scan was carried out every 6 months for the first 3 years and on an annual basis thereafter. QoL tests were compiled at the study entry; at 2, 3 and 4 months and then at 6 and 12 months. Relapse was defined as the detection of at least one lesion that could not be identified as an independent second malignancy.
sample size and statistical analysis Sample size was determined according to the survival data reported in the literature indicating that the annual risk of death for patients with MIBC following radical cystectomy was 35% [8] [9] [10] [11] , which means a 2-year probability of survival of 50%. The hypothesis was that AC would be able to improve 2-year OS of 10%: assuming an a error of 0.05 and a power of 80%, it was calculated that 610 patients (305 for each arm) should be accrued in 3 years and followed for further 2 years. All analyses were carried out according to the intent-to-treat principle. In order to evaluate the hypothesis of a relative difference of 30% in the incidence of thrombocytopenia between arm B2 and arm B15 (relative risk = 0.70), it was estimated that overall 350 patients would be required.
Survival curves were estimated by the Kaplan-Meier method and compared using the log-rank test. Data were reported as 5-year percentages and their standard errors. Additional analyses were done by the Cox proportional hazards model with the aim to adjust estimations for multiple baseline characteristics.
Comparisons of proportions between the two groups were carried out using a two-sided v 2 test or a two-sided Fisher's exact test, as appropriate.
results
Because of the low accrual rate, the trial was prematurely closed and the final analysis was carried out in July 2009. From September 2001 to July 2007, 194 patients from 45 Italian centers (see Appendix 1) were entered on to the trial, 92 in the control arm and 102 in the AC arm. Eleven patients, six in arm A and five in arm B, were lost after randomization and were not considered assessable for final analysis. Of the 97 assessable patients in the chemotherapy arm, 8 patients refused to start chemotherapy and were not included in the toxicity analysis. Of the remaining 89, 43 patients were randomly assigned to receive cisplatin on day 2 (arm B2) and 46 to receive cisplatin on day 15 (arm B15). Patient characteristics were balanced between the two arms except for pN2, which were more in the CT group, but the difference was not statistically significant (Table 1) . A poorly differentiated tumor grade was predominant in both arms and almost half of the patients had positive regional lymph nodes. Median time to therapy in the adjuvant arm was 8 weeks, ranging from 4 to 12 weeks.
overall survival
At a median follow-up of 35 months (interquartile range 15-57), 84 patients had died (arm A, N = 38; arm B, N = 46). Tumor was the cause of death in 34 patients in the control arm and in 39 original articles Annals of Oncology patients in the chemotherapy arm. Eleven patients died in absence of proven tumor progression (five in the control arm and six in the AC arm). The 5-year OS of the whole series was 48.5% (standard error 4.2%), slightly higher than expected, probably due to the consistent percentage of node-negative patients included, with no significant difference between the two arms (P = 0.24): 53.7% in the control group and 43.4% in the AC arm. No difference in OS according to GC schedule was evident in the AC arm: 46.6% of patients assigned to the B2 schedule were alive at 5 years compared with 39.9% of those assigned to the B15 schedule (P = 0.88). Survival curves are shown in Figure 1 .
In patients with lymph node-negative disease, 5-year OS rates were 73.2% in the control arm and 64.5% in the AC arm (P = 0.65); whereas in patients with lymph node involvement, OS rates were 27.6% and 25.8% in the control and AC groups, respectively (P = 0.71).
The hazard ratio (HR) for mortality from any cause according to treatment (chemotherapy versus control) also failed to reveal any difference in OS between the two arms [HR 1.29; 95% confidence interval (CI) 0.84-1.99; P = 0.24]. Mortality analysis confirmed that, independently of treatment arm, mortality hazard was significantly correlated with nodal status (pN1 versus pN0: HR 2.42; 95% pN2 versus pN0: HR 4.33; and T stage (pT3 versus pT1-2: HR 2.01; 95% CI 1.14-3.56; pT4 versus pT1-2: HR 2.57; 95% CI 1.34-4.92). These results were confirmed also by multivariate analysis (data not shown).
disease-free survival
Overall, tumor relapse occurred in 83 patients, 40 in arm A and 43 in arm B. The first site of relapse were the pelvis in 11 patients (6 in arm A and 5 in arm B); the bones in 15 patients (7 in arm A and 8 in arm B); the lungs in 10 patients (5 in arm A and 5 in arm B) and the lymph nodes in 12 patients (8 in arm A and 4 in arm B). Twenty-seven patients relapsed at more than one site (11 in arm A and 16 in arm B). Secondary primary tumors were reported in nine patients.
The 5-year disease-free survival of the whole cohort on study was 39.5% (standard error 3.9%). The control and AC arms were almost comparable relative to disease-free survival: 42.3%, arm A and 37.2%, arm B (P = 0.70, HR 1.08; 95% CI 0.73-1.59). Disease-free survival curves are shown in Figure 2 .
In the subgroup analysis according to nodal status, the 5-year disease-free survival of the node-negative patients was 59.5% in the control arm and 57.6% in the AC arm (P = 0.97). In nodepositive patients, 5-year disease-free survival was 19.4% in the control group and 18.9% in the AC group (P = 0.80). Treatments received at relapse are listed on Table 2 . toxicity Patients in the AC arm received in total 297 cycles, 135 in arm B2 and 162 in arm B15. Overall, 92% of patients completed the first cycle, 78% two cycles, 74% three cycles and only 62% of patients received the planned four cycles, mainly due to treatment-related toxic effects. In the B2 arm, 67% required dose adjustment and 39% patients required an early stop treatment. In the B15 arm, a dose reduction and an early stop treatment was required for 72% and 26% patients, respectively. All the WHO hematologic and non-hematologic toxic effects observed in B2 and B15 arms are listed in Table 3 . A statistically significant higher incidence of grade 3/4 thrombocytopenia was observed in B2 arm as compared with B15 arm (25.6% versus 4.3%, P = 0.006). On the contrary, patients in B15 arm experienced more grade 3/4 leukopenia (15.2% versus 9.3%) and neutropenia (34.8% versus 21%), not reaching statistical significance. The incidence of grade 3 and 4 nausea and vomiting was higher in B2 arm (9.4% versus 2.2%, P = 0.31). No drug toxicity-related death was observed in either arm. Global QoL was similar for patients assigned both to control and to AC arm. In this latter group, there was a slight worsening of the general QoL during the last 2 months of chemotherapy, with a subsequent improvement during followup so returning comparable with the control group.
discussion
The present study is an Italian, multicenter, randomized phase III trial comparing immediate AC with cisplatin and gemcitabine versus the same chemotherapy at relapse in patients with MIBC who underwent radical cystectomy. Our study was underpowered to demonstrate that AC improves OS and disease-free survival in these patients.
Despite being limited by an accrual much slower than expected and by the small number of patients recruited, much lower than that originally planned, this is the largest phase III trial reported so far exploring the role of AC in patients with MIBC.
The choice of the cisplatin-gemcitabine regimen was made on the basis of the results of a large phase III trial in the metastatic setting, comparing this regimen versus M-VAC, showing comparable responses but a lower toxicity of the GC regimen [21, 25] . In fact, in our study, both hematological and non-hematological toxicities were acceptable with a low incidence of grade 3-4 side-effects, with the exception of thrombocytopenia, which occurred significantly more frequently in the B2 arm. These data confirm the results obtained in two prior studies [22, 23] .
In spite of the quite acceptable incidence and severity of chemoinduced toxic effects, our trial confirmed that the compliance of patients to chemotherapy after radical cystectomy was poor. Only 62% of patients could complete chemotherapy as planned, and more than half of the patients required a dose reduction. These data confirm that the compliance of patients to chemotherapy after radical cystectomy decreases rapidly with a lower tolerance to drugs. The low compliance to AC was previously reported in other studies also [8, 9] and can partly explain the negative results of most previous published randomized trials [10] [11] [12] [13] . The putative difficulties in delivering AC to bladder cancer patients should be taken into adequate account in treatment planning.
Despite this data compliance, the QoL of patients who received AC seems to be similar to the one observed in patients treated with surgery alone. This could be probably due to the high number of dose reductions and/or early termination of treatment in that arm.
As shown in Table 2 , only 62% of patients were treated for metastatic disease, and 75% of them received the planned gemcitabine-cisplatin regimen. Several patients were not Figure 2 . Kaplan-Meier curves for disease-free survival in patients who underwent chemotherapy or observation. AC, adjuvant chemotherapy; HR, hazard ratio; CI, confidence interval. a M-VAC and regimens containing carboplatin and/or paclitaxel. AC, adjuvant chemotherapy; CDDP, cisplatin; GEM, gemcitabine; B2, cisplatin administered on day 2; B15, cisplatin administered on day 15; RT, radiotherapy; M-VAC, combination chemotherapy with methotrexate, vinblastine, doxorubicin and cisplatin; PD, progressive disease. [8] [9] [10] [11] [12] [13] [14] . All these trials used combination platinum-based chemotherapy except for one that tested the value of cisplatinum monotherapy [10] . Three trials [8, 9, 14] showed an advantage in OS in favor of the patients assigned to adjuvant therapy and the other four studies were negative [10] [11] [12] [13] . The lack of advantage from AC observed in these trials was probably due to the small sample size and in some studies due to the suboptimal treatment option. These studies included <100 patients, except for the Paz-Ares trial, and were all stopped prematurely on the basis of an interim analysis, favoring the chemotherapy group.
Beyond their small size, long recruitment period, early stopping on the basis of interim analysis and inadequacy of the chemotherapy employed, most of these studies are also biased by the lack of standardization of treatment on progression. This aspect might be crucial relative to OS estimation. In fact, on one hand, it is well known that patients with metastatic disease can benefit from frontline chemotherapy [26, 27] . On the other hand, no chemotherapy regimen can be regarded yet as the standard to manage the patients who fail adjuvant cisplatinbased chemotherapy. Standardization of treatment on relapse is one of the points of strength of our study, though our findings confirm that only a limited proportion of the recurring patients can actually be managed by full-dose chemotherapy regimens, mainly due to a rapid decline in PS.
In order to better clarify the impact of AC for radically removed bladder cancer, two meta-analyses were carried out, both of them providing a moderate but statistically significant survival benefit in favor of the treated patients, regardless of the chemotherapy regimen employed [17, 18, 28] . In particular, in the individual patient data meta-analysis (6 gathered trials, 491 collected patients), a 25% significant reduction in the risk of death (P = 0.019) in favor of the AC was found, with an absolute benefit of 9% at 3 years [17] . Actually, the clinical heterogeneity (i.e. surgical technique, the chemotherapy regimen and drugs, the patient selection with particular regard to the node status at surgery, the trial design) and the overall sample size, which was certainly underpowered to detect that difference (900 events would have been required, with 80% power and 5% significance), did not suggest any definitive recommendation on the use of AC.
Our study enrolled 190 patients, an accrual that was larger than in other intergroup trials, and confirmed the feasibility of the adjuvant approach in patients with MIBC. Unfortunately, the number of patients who entered the study remains the major limit of the present trial, considering that the original plan was to recruit 610 patients. Thus, no meaningful conclusion can be extrapolated from a study with any adequate power. In fact, with less than one-third of the planned patients, our trial has a high chance to be falsely negative. However, our study might give an important contribution to the meta-analysis.
A phase III trial comparing four cycles of adjuvant paclitaxel-gemcitabine-cisplatin regimen with observation was recently presented [14] . The Spanish trial randomly allocated 68 patients to the chemotherapy arm and 74 patients to the observation arm. At median follow-up of 29.8 months, PazAres reported a significant advantage for AC in terms of OS (P < 0.0009) and progression-free survival (P < 0.0001).
Given the opposite results coming from our study and the Spanish trial, the update of the literature-based meta-analysis previously carried out does confirm the benefit in favor of AC (8 trials, 827 patients, relative risk reduction of 14%, P = 0.034, heterogeneity P = 0.27, absolute benefit 4.9%, corresponding to 20-21 number of patients needed to treat for one to benefit), with no significant interaction (P = 0.40) according to the number of administered drugs (data not shown).
Moreover, it further supports the conclusion that there is insufficient evidence to reliably base any treatment decision. This has to be properly taken into account not only for decision making in the everyday practice but also in trial designing. Due to the present uncertainness relative to the more appropriate way to manage these patients, there is still an urgent need for further research into the use of AC in MIBC. It is necessary that future studies have adequate statistical power or learn more about the biology of this tumor. In fact, few biologic tumor characteristics, such as ERCC-1 and BRCA1 expression level, are known to be predictive of chemosensitivity in bladder cancer [29] and are factors to consider, in order to develop more effective strategies with smaller number of patients.
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